those papers have proposed several mechanisms, but the actual mechanism may not be identified yet. In that sense the author's claim of 'unknown mechanism' might be true, but the author neither proposes a new mechanism nor establishes the veracity of an existing mechanism.
Author's response
Thanks to the Horizon JPL/NASA solar system simulation we have analyzed the planetary gravitational influences over the Sun. The low-frequency similarities founded between the proposed gravitational forcing and the TSI support our proposed gravitational influence.
In Appendix B we show that: 1) Solar system dynamics generate lateral forces (enhanced by ) with multi-millennia scale (~9500 yr) oscillations similar to those shown by solar activity (enhanced by ); and 2) There is a suggested lagged response of around 67 centuries, of solar activity ( ) to the gravitational forcing (lateral force). The maximum forces F precede the maximum solar activity TSI, meaning that increases (decreases) of force F produce lagged increases (decreases) of TSI;
Author's changes in manuscript.
We have developed and aggregated the appendix B.
Comments from Referee 1 (4)
The solar dynamical behavior is expected to be controlled both by external factors, such as gravitational effect of the planets as well as the solar internal dynamics. The internal dynamics has not been discussed in the text. Consequently the statement "are possibly related to the Sun's rotation rate and impulses of the torque in the Sun's irregular motion" loses its credibility. 2
Author's response
In Appendix B we have also shown that: 1) Taking into account that the Sun's rotation axis is tilted by about 7.25 degrees from the axis of the Earth's orbit, the PGF are able to generate meridional forces and consequently meridional circulations in the Sun; 2) The lagged response appears to increase with forcing periods with a non-linear logarithmic function that implies temporal scale influences and possible connections with meridional circulations in different deep layers of the Sun;
3) The similarity of the ~9500yr TSI with the average SSN 10.5yr cycle, with scales differing at almost three orders of magnitude, suggests a self-similar process with a mechanism possibly linked to recurrent PGF in different scales. Author's changes in manuscript. We have developed and aggregated the appendix B.
Comments from Referee 1 (5)
The testing of the forecasting model relied on one of the tropical continental climate records, basically the Congo River Basin Surface Air Temperature (CRB-SAT) record. According to the author this record is isolated from the ocean influences and thus subjected to solar forcing. Despite this assumption the author goes on discussing the influence of the THC (acronym not defined by the author, understandably the thermohaline circulation) on tropical climate. This raises an important question. If the role of ocean on the CRB-SAT is minimal then it means that this temperature record merely represents a local or regional scale climate and not the global/tropical climate, as global climate change is greatly influenced by ocean circulation. If that be the case, then the forecast of 'continental tropical temperature cooling of around 0.5oC for the rest of the 21st century' and similar other prediction on temperature would represent the temperature change on local/regional scale only. On the other hand, if the role of ocean through THC seems to be significant on CRB-SAT then the role of solar effect could be less or relatively insignificant. If that be the case then the purpose of this work itself becomes irrelevant.
Author's response
In order to analyze the importance of tropical climate (with the CTC, CRB-SAT record) in the Earth´s climate system (ECS), we have analyzed: a) the lagged responses of the ECS, and b) one of their possible climate consequences.
A) In Appendix C we have shown that the Climate & Sea-level (C&SL) responses to different climate forcing (CF) variability, over the Phanerozoic and the last glacial-interglacial cycles follows a non-linear law. Four lags are jointly analyzed based on previous studies. Our analysis suggests that C&SL responses are forced by different processes with different lagged responses through mechanisms possibly associated with the crustal movements and thermohaline currents that move mass (soil, water and salt) and energy against the thermalrheological-mechanical (TRM) inertias of continents, oceans, glaciers and icesheets. The non-linear response appears to be frequency dependent and is verified twice, based on published data of multi-annual and centennial SL lagged responses. Our power law model suggests, for the ~9500 yr detected solar oscillation, a millennial-scale climate lagged response, which is verified with an oceanographic record of iron deposition in the south-western Pacific [SWP] that lags ~1500 yrs solar activity. B) In the Appendix D, we have: 1) analyzed that the sea level SL reconstructed records, 2) proposed and applied a model for SL variations in term of the lagged influences of CTC variations, 3) developed their verifications with recurrences, and 4) discussed these results.
Author's changes in manuscript.
We have developed and aggregated Appendix C and D.
Comments from Referee 1 (6)
In the beginning the statement: 'the main signals of climate long term forcings have not been well described, neither forecasted…" seems to have underestimated the solar insolation variation on Earth which is considered one of the most important long term forcings on Earth's climate, based on which the Milankovitch theory has been developed. The solar insolation variations can precisely be calculated and hence its values can be predicted (i.e http://bugle.imcce.fr/langues/fr/presentation/equipes/ASD/insola/earth/online/index.php) . According to this calculations the solar insolation will keep increasing, in general in most of the latitudes including the equatorial region of Africa. Increased insolation is expected to rise the global temperature for the next 5-6 thousand years, which does not conform to the author's prediction of cooling in foreseeable future.
Author's response Firstly, it must be mentioned that the forecasted CTC cooling, shown in Figure 6 , only covers the next century and is followed by a warming during the next seven centuries. This warming could be considered part of a longer warming process, that began 5 centuries ago with a total length of more than 1000 years. This warming is showing the influence of the orbital forcing in the CTC. Secondly, it should be also noted that In the appendix C we have shown that the Milankovith theory is working, but the ECS (non-tropical, sea level) is responding in a lagged form. For instance, Shackleton (2000) has detected three different lags of 15, 7.6 and 3.7 Kyr of the ocean volume and climate responses to orbital forcing periodicities of 100, 41 and 21 Kyr (eccentricity, tilt or obliquity, and precession), respectively. Thus, the mentioned insolation increases that are coming will produce effects, at least in 3.7 Kyr later. For instance if you take into account the SL lagged response to the solar recurrent pattern (SRP) detected, with ~9.5 Kyr, the associated lag, in the Appendix D, is demonstrated to be around 1500 yrs.
Author's changes in manuscript.
We have developed and aggregated Appendix C and D to better understand the ECS responses to the detected Solar recurrent patterns.
Page 1240:
Line 5: Replace 'Eemian peiod' by the Eemian, similarly in pg 1244 line 24
Author's changes in manuscript.
A detailed comparison with the 10Be SS14 record (in 5 parts) coming from Greenland and the Eemian periodis displayed in Figure 2c .
Line: 20-21. '…at the center of tropical Africa, generates isolation from the ocean influences '. How does the author arrive at this conclusion; i.e, isolation from the ocean influences? Solar variability is affecting the tropical climate as has been analyzed in our paper. Tropical climate is affecting (with a millennium scale lag) sea level variability by an unknown mechanism (that includes the THC). A final note: A 4670 yr peak in the spectral analysis developed by Bond et al. (1997) have shown the ECS one of the most important responses to solar forcing. It shows solar influences on climate, it is almost the half of the ~9500yr period, and it near the 4.5 Kyr associated with planetary forcing.
The last paragraph in Discussion is irrelevant and should be removed.
Author's comment:
This paragraph has been removed
Conclusion:
SA oscillations at 84, 178 and 2400 yr are possibly related to the Sun's rotation rateremains a speculation.
Author's changes in manuscript. ( See Appendixes page 5)
Finally, we also developed a spectral analysis of the analyzed lateral forces. This analysis is based on wavelets and is displayed in Figure B .9. It clearly shows important contributions to periods around of 8, 22, 60 (in a range of 50-80), 180, 650 (in a range of 400-800), 1000 and 2500 years.
Page 1251: there are several projections of cooling and warming ranging from 0.3 to 0.65°C for the next couple of hundred years without any error estimation. If the errors in periodicity estimations are quantified (which have not been done) then these temperature change estimates may not remain significant.
Author's comment:
The reviewer 1 is right. However our objective is present evidences (quantitative and qualitative) that promote further climate reconstructions and their analysis. In this work, we have presented "clear" evidences of climate recurrences are affecting the tropics and sea level in its present trends. The challenge is to separate the climatic responses due to natural and anthropogenic causes. In order to do that we have also analyzed the time required for ECS to change. The lags found strongly suggests a major participation of the natural variability in the present climatic values and trends.
Comments from Referee 1 (1)
There has been a significant amount of work in recent times among the solar physics community regarding this issue and the author being a climatologist has missed some of these contributions, which would add greatly to the overall impact of the paper. I list here some of the important contributions that may be cited by the author to make a much more convincing case. For example, Janardhan, Bisoi and Gosain, Sol. Phys., 267, 267-277 were one of the first to report a steady and systematic decline in solar polar magnetic fields starting from around 1995. Later work, (Janardhan, et al., (2011) Geo. Res. Lett, 38, L20108) showed that the decline in solar magnetic fields was mirrored in the solar wind, by a similar decline in solar wind micro-turbulence levels. A study of the consequences of this decline on the earth's ionosphere showed that itsignificantly reduced the ionospheric cut-off frequency to radio waves, normally about 30 MHz, to well below 10 MHz (Janardhan et al. (2015) Sun and Geosphere (in press)). The most recent report (Janardhan et al., (2015) J. Geo. Res. 120, 5306-5317) has shown that the decline in solar activity has to continue at least until 2020 and there is a good posibility of the onset of a Grand solar minimum from solar-cycle 26 onwards (2031). In addition, Choudhuri, and Karak (2012), Phys. Rev. Lett., 109,171103, and Karak, and Choudhuri (2013) , Res. Astron. Astrophys., 13, 1339, used 11000 years of sunspot data derived from carbon 14 records in tree rings and showed that gradual changes in solar surface meridional flow velocity lead to a gradual onset of grand minima while abrupt changes lead to an abrupt onset. In addition, these authors also showed that one or two solar cycles before the onset of grand minima, the cycle period tends to become longer. It is noteworthy that surface meridional flows over Cycle 23 (Hathaway, and Rightmire (2010) , Science, 327, 1350) have shown gradual variations and Cycle 24 started _1.3 years later than expected. There is also evidence of longer cycles before the start of the Maunder and Sporer minimum.
Author's changes in manuscript. (Page 14, line 9)
We have found and tested a recurrence of ~9500 yrs of SA that implies a solar Grandminimum for the next one and a half centuries. However, we can also support our findings with other studies. For instance, the existence of different solar modes of activity (Grand minima, Regular, and a possible Grand maxima), which have also shown important temporal variations with asymmetries (Grand maxima significantly less often experienced than Grand minima) during the Holocene (Usoskin et al., 2014), would be considered expressions of our detected recurrent pattern of ~9500yrs. In this work, we have forecasted a continuation of the solar decline for the next decades, which is supported through precursory signals during recent decades: a)
A steady and systematic decline in solar polar magnetic fields, starting from around 1995, which is well correlated with changes in meridional-flow speeds (Janardhan P., Bisoi, S. K., Gosain S., 2010) b)
A decline in solar wind micro-turbulence levels. Based on extensive interplanetary scintillation (IPS) observations at 327 MHz, obtained between 1983 and 2009, a steady and significant drop in the turbulence levels in the entire inner heliosphere, starting from around 1995, was detected (Janardhan et al., 2011) . c) A significant reduced ionospheric cut-off frequency to radio waves, normally about 30 MHz, to well below 10 MHz (Janardhan et al., 2015a) .
